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in order to alleviate the increasing
demand for softwoods, oak and pine
pulps in varying ratios were inves-
tigated for linerboard use in cor-
rugated containers. it v/as found
that oak cou'd be used in significant
amounts in linerboard stock and,
thus, provide an outlet tor this cur-
rently underutilized species. Upon
evaluating the combined boards and
assembled containers it appeared
that, when properiy fabricated, at
least 25 percent oak could be in-
cluded and still satisfy today's re-
quired carrier rules. Considerably
higher parcentage of oak could be
tolerated based on actual box per-
formance despite somewhat iower
combined board burst values. Score-
line fracturing for boards of any
oak-pine ratio can be eliminated by
proper adjustment of scorewheel
clearance and board moisture

content. /‘\
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Products
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By
ges:trarch D. W. BORMETT, Chemical Engineer
FPL 410 D. J. FAHEY, Technologist
and
August 1981 J. F. LAUNDRIE, Chemical Engineer
Introduction adding sweetgum kraft or sweetgum

While statistics from various
sources have documented an in-
creasing pressure on the supply of
virgin softwood for corrugated fiber-
board production, the increasing
supply of hardwoods, particularly
oak, has been recognized for many
years (4).? The Forest Products
Laboratory (FPL) has often directed
its research towards the increased
use of oak, with much of this effort
aimed at the corrugating medium (2,
3, 5,8 9 11). Today, medium is
predominantly hardwood neutral
sulfite semichemical (NSSC) pulp,
often suppliemented with recyciad
fiber. Very little hardwood, however,
is used in linerboard.

Once the hardwoods, including cak,
were established as the primary fur-
nish for medium, it became apparent
that their use as a linerboard pulp
source would also be desirable.
Previous work on mixed Colombian
hardwoods (6) demonstrated that
hardwood kraft puip (85 pct) plus
northern pine kraft (15 pct) could
give a sufficiently high burst so as
to be acceptable, although at a
sacrifice in tear. A primary objection
to the majority nf the work in this
area centered around the lack of ac-
tual performance data on boxes.
Howaever, in 1960 Fahey and Set-
terhoim (7, examined the effect of

NSSC pulp to pine kraft pulp for use
in linerboards. The resuiting liners
were converted into combined
board, then boxes. The sweetgum
kraft was far superior to the NSSC
pulp, and the satisfactory use of up
to 25 percent sweetgum was demon-
strated. In 1976 Worster and Bartels
(12) examined the combined pulping
of hardwood and softwood versus
separate pulping with subsequent

‘blending. Separate pulping was con-

firmed superior.

Considering the limited use of hard-
woods in linerboard, together with
the need to extend - ur resources, it
seemed appropriate to reexamine
the question of how much hard-
wood, specifically oak, couid be
satisfactorily included in linerboard.
Thus, this study was undertaken to
determine the basic behavior of pine
and oak pulp mixtures in linerboard,
with specific attention given to box
performance criteria including sccr-
ing and impact behavior.

Experimental Procedures

Wood Procurement and Processing
One cord of freshly cu: loblolly pine
(Pinus 1aeda L.) and one cord of
freshly cut southern red oak (Quer-
cus falcata Michx.) were obtained
from the vicinity of Athens, Ga.
Upon receipt at FPL, these logs

were hand-peeled, converted into
chips in a four-knife, Carthage chip-
per, screened and stored in a cold
room until needed for the individual
digestions. The nominal length of
the loblolly pine chips was 16 mm
(5/8 in.) and of the red oak chips, 13
mm (1/2 in.).

Kraft Pulping

Pilot-scale digestions of loblolly
pine and of oak were made in a
400-liter (14-ft%) digester. Conditions
listed In footnotes of table 1 were
chosen to produce a pine pulp with
a Kappa number of 75 and an oak
pulp with a Kappa number of 15, as
determined by TAPPI Method T 236.
At the end of both the pine and oak
digestions, the digesters were
blown. The resulting pulps were
washed, screened through a 12-cut
flat screen, dewatered, crumbed,
and then stored in a cold room until
needed for papermaking trials.

Representative samples of both the
pine and the osk pulps were treated
tor strength development in a Valley
beater, and converted into hand-
sheets. The properties of these
handsheets are given in table 1.

' Maintained at Madison, Wis., in cooperation
with the University ot Wisconsin.

! {aticized numbers in parentheses refer to
literature cited at end of this report.
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Table 1.—Properties of handsheets made from experimental pulps used in linsiboards’

Loblolly pine kraft pulp* Southern red oak kraft pulp?

Freeness (Can. Stand.)

(mi) 600 500 400 300 600 500 400 300

Beating time (min) 44 54 82 69 9 16 22 26

Burst tactor 72 76 7 78 38 53 61 65 N
Tear factor 163 156 152 150 138 134 130 125

Breaking length (m) 9,400 9,600 9,700 9,700 7,500 9,300 10,000 10,400

Density (kg/m?) 610 630 650 €60 590 830 660 680

' Tested according to TAPPI methods.

* Digestions 14-4663 through 14-4878, Conditions used were: 18 pct active alkali, 25 pct sulfidity, 4 to 1
water-to-wood ratio, 90 min from 80° to 170° C, and 40 min at 170* C. Composite pulp Kappa number was 75.
3 Digestions 14-4838 through 14-4647. Conditions used were: 16 pct active alkali, 25 pct sulfidity, 3.5 to 1
water-to-wood ratio, 80 min from 80° to 170° C, and 90 min at 170 C. Composite pulp Kappa number was 15.

Papsrmaking was refined to 600-650 ml and mixed  nishes had 0.2 percent rosin size
The kraft pulps were converted into with the oak pulp which had been added, with the stock pH maintained
205-gram-per-square-meter (42 refined to 250-300 ml. In addition, a at about 5.0 on the paper machine
1b/1000 ft?) linerboard on the FPL ex- two-ply board was made with pine by the addition of an alum solution.
perimental paper machine. Single- kraft pulp (refined to 600 ml) in the The paperboard properties were

ply boards were made from 100 per-  base ply and oak kraft pulp (refined determined by standard TAPPI! test
cent pine kraft and 100 percent oak to 350 ml) as the top ply. The top procedures and are given in table 2.3
kraft pulp, refined in each case to ply, constituting 25 percent of the

about 530 mi Canadian Standard total board weight, was applied in a

freeness and from 25-79, 50-50, and secondary headbox. All of the refin-

75-25 percent blends of the two ing was accomplished with a high- s Expressed in Si units. Appendix | contains
pulps. For the blends the pine pulp angle conical refiner. The pulp fur- corresponding tables in English units.

Table 2.—Physical properties of cak-pine linerboards'

Yonelie modulus
Toar Tonslle strength  of slauticity Folds Ring crueh
Liner-

Machine boerd Cross- Cross: Cross Cross- Cross-
vn content Besia ODensity Burat Machine machine Machine machine machine Machine machine Machine mect:ine
No. = welgn direc: dites- dires- direc. direc- direc- ditec-  divec: dires- divec-

Oak Pine tion tion tion tien tion tion tion ton tion tion
———Pot——— M agm NP2 mN L) QPa ——— Double foldy ———— N ———
SINGLE-PLY LINERBOARDS
7210 0 100 207 840 704 3,380 3,560 811 A7 4.70 .38 1,618 953 570 449
7214 25 -] 208 680 728 3210 3420 479 263 5.03 252 1,228 %82 538 414
1212 50 50 208 680 743 2930 2990 504 2.7 484 .59 1,011 53 543 418
7218 7% 25 208 690 727 2530 2800 490 2.1 5.73 3.03 560 480 870 418
7213 100 0 208 600 560 1920 2,080 431 256 5,14 278 201 92 449 374

TWO-PLY LINERBOARD

1214 28 7% 208 680 197 3,080 3,570 529 24 5.48 268 1434 1,102 574 458

' See Appendix | for English equivalents.
* Oak only in top ply; pine only in bottom ply.
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Table 3.—Physical properties of the combined board' *
Pln adhesion Short column compression Flexural stittness*
Combined® ::::rd Basls Burst Flat Single- Double- a7° C, 23°C, 271° C, Parallel- Perpen.
board content weight crush face back 30 percent 50 perosnt 90 peroent to diculer
No. ___ slde side relative relative relative length to length
Oak Pine humidity humidity  humidity
—Pct — g/m' COV* kPa COY kPa COV Nim COV Nm COV kNim COV kN/m COV kN/m COV Nem COV Nem COV
SINGLE-PLY LINERBOAY.’S
878 0 100 62t 08 1510 94 188 63 600 53 802 76 1038 70 948 57 459 31 M9 44 208 86
705 25 75 625 06 1500 89 205 37 667 85 802 51 1047 43 088 67 403 42 129 52 230 82
879 50 50 608 06 1340 9.1 188 32 683 54 869 47 1060 42 044 58 459 18 125 65 254 143
680 75 75 604 09 1280 55 183 68 669 62 B44 79 1054 18 9056 56 473 32 132 37 253 137
881 100 0 600 11 1020 88 192 32 664 29 772 68 977 28 872 53 446 28 128 60 242 188

682¢ 25 75 642 12 1540 b4

TWO-PLY LINERBOARD

191 37 702 61 844 95 1184 40

1002 70 488 33 132 41 235 125

' All boards conditioned and tested at 23° C, 50 percent relative humidity except where noted.

* Sen Appendix | for English unit equivalents.

3 All maziums were commercial 127 g/mt NSSC board.
¢ Four-point bending: flutes parallel or perpendicular to sampie length; 5 samples single-face up and 5 samples single-face down.

* COV = coetticient of variation [ =] percent.
¢ Oak only in top ply; pine only in bottom ply.

Combined Board and

Box Fabrication

Each of the linerboards was com-
bined with a commercial 127-gram-
per-square-meter (26 Ib/1000 ft2)
NSSC medium in the Laboratory’s
500-mm (20-in.) A-fiute singlefacer
using a conventional starch
adhesive. Singlefaced board was cut
into 1.2-m (4-ft) lengths and double-
backed. Representative boards were
selected at uniform intervals from
throughout each run, then condi-
tioned and evaluated according to
TAPPI procedures. Two hundred-mam
{8-in.)-high regular slotted container
(RSC) boxes were prapared tor top-
to-bottom compression and 90-mm
{3-1/2-in.)-high boxes with twelve
454-gram (1-ib) can loads were used
tor edgewise impact svalvation. The
properties are given in tables 3,* 4°
and 5.

Additional boards were set aside for
cyclic humidity evaluation and per-
formance testing (7), the resuits of
which will be reported upon comple-
tion of that study.

Paperboard Properties

Table 2 shows the paperboards with
the different oak and pine blends
having bursting strengths equivalent
to the all-pine board. Only the

100 percent oak board had a burst
value of less than 690 kPa (100
points). Cross machine tensile
strength and modulus of elasticity
were higher for boards made with
the blends than with 100 percent
pine pulp, and the board with 75 per-
cent oak had considerably higher
values than the other two boards
made with the lower oak contents.
The combined freeness of this fur-
nish, however, was somewhat lower
than for the other blends and for the
all-pine furnish, which may account
for the better properties. The ring
crush strength was changed slightly
by the oak addition to the pine. As
the oak content increased, visual ex-
amination showed better surface
characteristics and formation. With
this improvement, the boards would
be expected to provide a better

printing surface. Tearing resistance
and folding endurance decreased in
proportion to the amount of short-
fiber pulp present in the board.

When the two-ply sheet containing
25 percent oak pulp (all present in
the top ply) is compared with the
single-ply sheet having the same
amount of oak in the furnish, the
foldirg endura~-e, ring crush
strength, and tension properties
were better with the two-ply com-
posite. The burst and tear were com-
parable.

Combined Board Properties

Tables 2 and 3 show the burst
values of the linerboard and com-
bined board. Using the appropriate
Uniform Freight Classification (UFC)
burst requirements of 1,380 kPa
(200 points) for comtined board and
690 kPa (100 points) for linerboard
as an Indication of acceptability,
one sees that at least 25 percent

- oak substitution could be tolerated
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Tabie 4.—Top-to-bottom compression of containers made with oak-pine linerboarcs' *
Within deformation of 12.7 mm Within detormation of 28.4 mm
23* C, 50 percont 27°* C, 90 percent 23° C, 50 percent 27° C, %0 peroent
relative humidity relative humidity relative humidity relative humidity

Combined Liner. Defor. Detor. Detor. Defor-

board board Maxi mation Maxi- mation Maxi- mation Maxi- mation
Ne. content mum COV* at COV mum COV at COV mum COV at COV mum COV at COV

e o maxi- load maxk foad maxl foad maxl

Oak Pine mum mum mum mum

load load load load
—Pat— MN Pot mm Pet MN Pct mm Pot MN Pot mm Pt MN Pot mm Pt

SINGLE-PLY LINERBOARDS
678 0 100 250 74 99 2668 141 58 91 296 308 74 213 134 151 54 145 423
708 25 % 2 786 114 234 147 87 94 500 332 57 239 50 148 66 180 186
679 50 50 283 53 1.9 73 15 45 114 230 352 7.2 3 107 164 46 175 185
880 75 7% 265 86 117 121 155 44 102 195 344 92 201 149 167 41 165 287
681 100 0 28 8, 127 18 153 6.1 119 121 334 64 175 140 165 86 165 259
TWO-PLY LINERBOARD
N

682+ 25 7% 259 76 109 269 154 69 107 186 354 64 224 134 164 51 16.2 350

t Containers were 273 mm by 205 mm in perimeter by 200 mm high; staple closure.

2 See Appendix | for English unit equivalents.

3 Maximurr load prior to deformation limit indicated in heading.

¢« COV = coefficient of variation.
s QOak only in top ply; pine only in bottom ply.

based on combined board whereas
75 percent oak substitution Is
satisfactory based on linerboard.
The combined board Lurst vailues for
boards having a low oak content
(0-25 pct) were at least double those
of the corresponding linerboards,
the typical situation. However, as
the oak content reached and ex-
ceeded 50 percent, the combined
board burst was less than double
that of the linerboard burst. Further
burst testing evaluations and ex-
amination of both the boards for
pressure roll cutting and the burst
equipment indicated that the data
were correct and that possibly the
mechanism of failure in the burst
test changes with the addition of
hardwood. Pin adhesion and flat-
crush values were satisfactory and
comparable for ali combinations
(table 3).

Box Performance

Compression Table 4 and figure 1
give the top-to-bottom box compres-
sion data for two ranges of box
deformations, maximum com-

pressive strength within 12.7-mm
(1/2-in.) deformation and maximum
compressive strength within
25.4-mm (1-in.) deformation. Any
maximum compression values 6x-
perienced beyond the 25.4-mm (1-in.;
deforination limit are considered to

4.00

be irrelevant as the deformation
would be excessive for a 200-mm
(8-in.)-high box.

The box compressive strength im-
proved with the addition of oak,
generally reaching a maximum at

g

MAXIMUM LOAD (MN)
N
8

MAXIMUM DEFLECTION
12. 7mm

23°C. 50% R.H.

—

25 4mm |
A Db

050
27°C. RR.H O——O O-=---0O
0.00 | | |
o 2% 80 75

CAK CONTENY (PERCENT)

Figure 1.--Top-to-bottom compressive strength of containers.

(M 149 423)
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Table 8.—Scoring eftects on combined boards anti containers mads with cak-pine linerdboards

————

Scoreline tracturing? Boxr edge tracturing? Impact resistance*
. (scuring conditions) {scoring conditions) § (sccring sontitions)
Com: Linaboard Scorewheel' 27°C 23°C 2r1°C ar* ¢ 23°C 21 C 7' ¢ 23°C 271 C

bined content

board ____ ratio relative

No. Oak Pine humidity

relative relative relative relative

clearance 30 percent 50 percent 00 parcent 30 percent 50 percent 90 percent 30 percent 350 percent 90 percent
relative relative elative relative

humidity humidity humidity humidity humidity humidity humidity humidity

Pt = e,ecem————

878 0 100 1.000

1.226 141
1.500 0
1677 0
705 25 » 1.000 -
1.226 37
1.500 0
1677 0
679 50 50 1.000 -
1.226 27
1.500 0
1877 0
880 % 25 1.000 -
1.226 16.8
1.500 0
1.677 0
681 100 0 1.000 -
1.226 405
1.500 28
1677 0

682 25 75 1.000 -

1.226 1.0
1.500 0
1.677 0

SINGLE-PLY LINERBOARDS
0 0 - 0
0 - 0.9 0
0 0 0 0
- 0 0 —
0 0 - -
0 - - —
Y] 0 - -
- 0 - -
1.8 0 - 0
0 - 0 0
0 0 0 0
- 0 0 -
20.2 0 - 19.8
3.7 - 0 0
0 0 0 0
- 0 0 -
58.0 0 —_ 51.0
15.7 - 257 47
46 0 0 0
- 0 0 -
TWO-PLY LINERBOARD
0 0 - 0
0 - 0 0
0 0 0 [0}
- 0 0 -

o PA——————_———————_ ———me—meme  e———————

0 - 2,39 2.44
- 2.38 249 -
0 1.83 241 213
0 2.39 - 2.49
- - 193 2.46
- 203 2.08 -
- 234 208 25
- 2.36 - 2.34
0 - 2.08 2.18
- 203 .24 -
0 2.16 241 P
0 1.93 - 2.5%
c - 1.65 1.78
- 1.93 1.57 -
Q 1.75 1.70 1.78
0 2.21 - 2.46
0 - 1.27 1.42
— 1.32 1.27 -
0 1.63 1.50 1.42
0 1.47 - 2,01
0 - M 246
— 1.85 2.26 -
G 2.18 229 236
c 2.39 - 246

' Scorewhesl total clearance divided by combined thickness of board components. In this case the combined thickness equalled 0.78 mm.

1 Conditions listed are for boarcs equilibrated at these humidities, then scored. Evaluation was at 23° C, 50 percant relative humidity. Scoring
parallel to flutes only—no fracturing noted when scores wera made parpendicular to flutes.
3 For fracturing of panel scores only—no flap failures noted.

* Single drop of container having twelve 454 g can loads; 15 boxes droppedireported value; conditions listed are board conditions at ime of scor-

ing, not drop conditions. See tootnote 2.
* Oak only in top ply; pine only in bottom ply.

about 50 percent. With the 100 per-
cent oak linerboard, boxes still had
compression values above those for
the pine control. Whiie boxes
humidified to a higher moisture con-
tent decreased overall in compres-
sion resistance, the oak-containing
linerboards still performed better
than the all-pine boards.

The two-ply !inerboard showed a
considerable increase over its
single-ply counterpart (board 705)
and was on par with the maximum
achieved with 50 percent oak. The
cause of the difference is unknown;

however, board 705 was combined
at a later date than the rest of the
boards.

No correlation seemed evident when
comparing box compression to com-
bined board burst. Despite the con-
tinuously decreasing burst vaiue for
the combined boards, compression
always remained above the level
found for the control, with the ex-
ception of board 705 (25 pct oak)
(see table 4). Nor did either the short
column or flexural stiffness, proper-
ties uged to predict compression
(10), correlate with burst (table 3).

Box Scoreline Fracturing Fracturing
is defined as the breakin(g and
separation of the componants ot
corrugated board along the folds
during box setup, and will occur in a
box as either vertical edge fracture
or horizontal fiap fracture. Normaily,
fracture occurs as vertical edge frac-
ture of the outer liner. In this study
no flap fracture occurred. Nor was
there any fracturing of the interior
vertical linerboards or of the
medium.

Edge fracturing was measured on
those boxes prepared for impact

Sk b ik e
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Figure 2. —Eflect of oak content, scorewheel clearance ratio, and moisture

content on impact failure drop heights.

testing, with the resuits given in
table 5 as a percentage of totai ex-
terior length. Actual edge fracturing
on the boxes was less than ex-
perienced in the visual scoring
evaluation, that is the scoring and
folding of sheetstock test speci-
mens. Any scoring condition
yielding less than 10 percent visual
fracturing (table 5) gave no detect-
able edge fracturing in the boxes.

The results of the visual scoring
tests showed that with proper
moisture content in the boards and
a sufficiently open sat of score-
wheels, any amount of oak can be
{ncluded in the linerboard withcut
having the linerboards fracture
during box setup.

impact (Drop) Despite some incon-
sistencies in the data (table 5), cer-
tain trends can be seen. impact
heights were generally higher for the
corrugated boar= scored at higher
moisture contents. Above 50 percent
oak content the impact heights
decreased with increasing oak
{evels, but, in the lower range of oak

(M 149 152)

contents (below 50 pct) there seem-
ed to be negligible decreases In
drop height relative to increases in
oak content.

For greater scorewheel clearances,
more oak could be tolerated bafore
the drop height started to decrease.
As the scorewhesl clearance de-
creased, lower values of drop height
were experienced at a given oak
content. These variations becorac
more avident in figure 2, which was
constructed from the data in table 5.

While the effects of these variables
need to be noted, an important over-
all result needs to be pointed out;
while the severest drop level called
for by the proposed ASTM perform-
ance standard (7) is 1.2 m (48 in.),

all of the impact heights were equal
to or in excess of 1.3 m (50 in.) for
those conditions examined. Fven
with & 1.9-m (75-in.) minimum accept-
able drop helght, up to 50 percent
oak could be included in the liner-
board before visual fracturing and
box edge fracturing would cause

a problem.

Conclusions

The resuits indicate that con-.
siderably more hardwood can be
used in linerboard than is presently

being used commercially. With sepa:

rate pulping and refining of pine and
oak, up to 25 percent can be used In
linerboard furnishes to produce
satisfactory boxes and atill satiaty
today's required carrier rules. Even
oak levels greater than 50 percent
can be used and still provide boxes
with satistactory compressive
strength, but the burating strength
may be insufticient to fully maet ex-
isting rules. While scoring probiems
were obsarved with the linerboards
having a higher percentage of oak
when 8coring was done at low
moistirg, inese could be eliminated
by introdi-ing & higher moisture
level in°  boards and proper
selection of scorewhee: clearance.
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Appendix | )
English Equivalents for Tables 2 to 4
Table 2a.—Physical propertiss of ocak-pine linerboards' —
Tensile modulus
Tear Tonslie strength  of elasticity Folds Ring crush
Liner
Machine board Cross: Croes: Croes Cross- Croes:
nn content Bosia Density Burst Machine muchine Machine machine Machine machine Machine machine machine
No. _____  welght direc- direc: direc: direc:  direc: direc:  dires:  direc:  dires-  dires:
Oak Pine tion tion tion tion tion tion tion tion tion tion
——— Pet ——— L1000 Glem'  Points (<] LAn! —— 1,000 lbin.! Double folds ——— Lb ———
SINGLE-PLY LINERBOARDS
7210 0 100 424 0.64 102.1 342 83 7,408 3,585 682 42 1,618 953 128 101
I£Ah) 25 75 42.1 0.68 105.2 327 349 6,94% 3,820 730 363 1,225 782 121 9
212 50 50 420 0.68 1078 Paic] 305 7,318 3,870 702 376 1,011 83 122 o4
215 -] 25 420 0.69 105.5 238 285 7113 4,226 831 439 500 480 128 ™"
7213 100 0 420 0.68 87.0 198 210 8253 3715 748 400 201 92 101 84
TWO-PLY LINERROARD
214" 25 % 425 0.68 1028 34 8B4 7,674 4,285 795 388 1,434 1,102 129 103

' Oak only in top ply, pine only in bottom ply.
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2] Table 30.=Physical preperties of the combined beard'
% Pin adhesion Shert selumn compreseion Hmwwm'
| Liner .
;- Combined"  board Basle Burst Flat Single- Double- 80° F, T3P, 80 F, Paraliel. Potpon-
x beard content  weight erush fece beck 30 percent $0 paroent 00 peroent L dloviar
- Ne. side side relative rolative reletive longth  to longth
Dak e humidity humigity  humigity
1 ~Pot~ Lb COV:Puints COV LbAn.! COV Livin. COV Livin. COV Lbfin. COV LbAin. COV Livin. COV Liin. COV Li#n. COV
' 1,000
3 L.
f' SINGLE-PLY LINERBOARDS
i 78 0 100 1272 08 219 94 270 63 394 53 458 76 @610 70 540 57 2862 31 105 44 182 @88
7038 28 75 1280 08 218 09 207 37 381 8BS 458 51 598 43 %63 67 230 42 114 52 204 22
o7 50 50 1242 08 195 91 270 32 390 34 4908 47 605 42 5339 38 282 18 11t 85 225 1)
’ 680 75 25 1238 09 185 355 2866 68 382 62 482 79 602 18 548 58 270 32 117 37 224 17
i
E 881 100 0 1228 11 148 88 278 32 379 29 441 68 558 26 498 53 255 28 113 60 N4 188
b TWO-PLY LINERBOARD
f’ 682* 25 75 1318 1.2 224 84 277 37 401 6.1 482 95 685 40 572 70 285 33 117 41 208 126
\ ' All boards conditioned and tested at 73° F, 50 pct relative humidity except where noted.
t All mediums were commercial 26 1b/1,000 ft* NSSC board.
- 3 Four-point bending: tiutea paraliel or perpendicular to sampie length; 5 sampies singleface up, and 5 samples singleface down.
¢« Coftficient ot variation { =] percent.
i_ * Oak only in top ply. pine only in bottom ply.
1
Table 4a.—Top-to-bottom compression of containers made with oak-pine linerboards ' *
Within deformation of 1/2 inch Within detormation of 1 inch
T3* F, 50 percent 80° F, 80 percent 73°* F, 50 percent 80° F, 90 peroent
relative humidity relative humidity relative humidity relative humidity
Combined Liner Defor. Defor- Defor- Defor-
board board Maxi. mation Maxi mation Max}- mation Maxi- mation
No. content mum COV* at COV mum COV st COV mum COV st COV mum COV ot COV
— load? mani- load maxi load maxi: toad maxi
Oak Pine mum mum mum mum
load load load load
Pt W Pt n. Pt b Pet . Pt b Pet In. Pet b Pot . Pot
SINGLE-PLY LINERBOARDS
878 0 100 561 74 039 266 318 58 036 296 692 74 0B84 134 340 54 057 423
705 25 75 497 768 045 234 264 BT 037 500 7747 57 o084 S50 3W 66 071 186
879 50 5 591 53 047 73 350 45 045 230 792 72 084 107 369 46 069 185
680 75 25 506 86 048 121 348 44 040 195 774 92 079 149 376 41 065 287
681 100 0 640 80 050 1.8 345 681 047 121 752 64 069 140 2372 86 065 259
TWO-PLY LINERBOARD
682+ 25 7% 583 76 043 269 347 69 042 186 796 64 088 134 370 51 064 350
! Containers were 10.75 in. by 8.08 in. ir: perimeter by 8 inches high; staple closure.
* Maximum load prior to deformation I'mit indicated in heading.
3 Coetticiant of variation.
¢ Osk only in top ply; pine only in bottom ply.
FrU. S. GOVERNMENT PRINTING OFFICE: 1981,'554 -030/25
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U.S. Forest Products Laboratory

Use cf oak in linerboards, by D. W. Bormett,
D. J. Fahey, and J. F. Laundrie, Madison, Wis., FPL.
9 p. (USDA For. Serv. Res. Pap. FPL 410).

Oak and pine pulps in varying ratios were inves-
tigated for linerboard use in corrugated containers. It
was found that at least 25 percent oak could be ircluded
and still satisfy today's required carrier rules. Score-
line:fracturing for boards of any oak—pﬂst‘ratio can be
elimpnated by proper adjustment of scorewheel clearance
and board moisture content.
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